Attorney Docket No. 1748X/49969 

PATENT 



<>\ IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 


SPECIFICATION 


INVENTION: 


METHOD FOR OPERATING A GAS GENERATION DEVICE IN A 
FUEL CELL SYSTEM 


INVENTOR: 

Citizenship : 
Residence/ 

Post Office Address: 


Stefan BONEBERG 

German 

Hohenneuf fens trass e 32 
72660 Beuren, GERMANY 


INVENTOR: 

Citizenship : 

Residence/ 

Post Office Address: 


Dr. Martin SCHUESSLER 

German 

Haempf ergasse 18 
89073 Ulm, GERMANY 


INVENTOR : 

Citizenship : 

Residence/ 

Post Office Address: 


Hans-Frieder WALZ 

German 

Panoramastrasse 3 

73337 Bad Ueberkingen, GERMANY 


ATTORNEYS: CROWE LL & MORING LLP 

Suite 700 

1200 G Street, N.W. 
Washington, D.C. 20005 
Telephone No. : (202) 628-8800 
Facsimile No. : (202) 628-8844 


Method for operating a gas generation device in a fuel cell 

system 


CKGROUND AND SUMMARY OF THE INVENTION 

0001] This application claims the priority of German patent 
document 100 25 667,8, filed 24 May 2000, the disclosure of which 
is expressly incorporated by reference herein. 

[0002] The invention relates to a method for operating a gas 
generation device in a fuel cell system. 

[0003] Gas generation devices for generating hydrogen are 

started in various ways. For example, in International patent 
document WO 96/00186 Al autothermal or partial oxidation reactors 
are started by means of an exothermic reaction in the interior 
of the reactors. 

[0004] Moreover, reactors for steam reforming which are heated 
by means of an exothermic reaction in a thermally coupled region 
and/or by the introduction of a hot heat-transfer gas are also 
known (See, for example, German patent document DE 33 45 958 Al) . 

[0005] However, reactors of this type have a high thermal 

mass, and therefore need a very long time to be heated to a 
predetermined operating temperature. To avoid this drawback, a 
multistage reformer which has at least one subunit with a reduced 


thermal mass (compared to the other subunits) is known from 
European patent document EP 0 968 958 Al . 

[0006] It is an object of the present invention to provide an 
improved method for operating a gas generation device in a fuel 
cell system, in particular with improved cold-start properties, 

[0007] This and other objects and advantages are achieved by 
the method according to the invention, in which at least two gas 
generation units, through which a starting-material stream flows 
in sequence, are provided in a gas generation device, with the 
first gas generation unit having a lower thermal mass than the 
second gas generation unit. During a starting phase, only the 
first gas generation unit is operated, with a power and/or at a 
temperature which lie above the values encountered in normal 
operation of the gas generation device. After the end of the 
starting phase, at least the second gas generation unit is then 
operated . 

[0008] Therefore, for the cold start, only a subunit of the 

overall gas generation device is used. This means the hydrogen 
immediately after the start is generated in a thermally separate 
unit, while the remaining hydrogen-generating region is still 
cold. This drastically reduces the mass which has to be heated. 
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[0009] As a result of the low thermal mass and the overload 
operation of the first gas generation unit during the starting 
phase, the cold-start time of the gas generation device is 
shortened. Particularly in mobile applications in the automotive 
sector, cold start must take place very quickly. Moreover, the 
reduced thermal mass reduces the quantity of oxygen required 
during the starting phase in catalytically heated systems. 

[0010] The possibility of using the first gas generation unit 
(after the starting phase) only in full-load operation enhances 
the service life of the first gas generation unit, which is 
limited as a result of overload operation during the starting 
phase. Because this unit is switched off (or running a reduced 
load) in partial load phases, it is possible overall to provide 
a fuel cell system of sufficient service life. 

[0011] The possibility of the first gas generation unit also 
operating in the partial load range in the event of substantial 
load changes has the advantage that a sufficient quantity of 
hydrogen can be provided within a short time, so that it is 
possible to improve the dynamics of the system. Moreover, the low 
thermal mass of the first gas generation unit makes it possible 
to keep this unit warm by suitable means where necessary ( i.e. / 
to keep it at a temperature which lies between ambient 
temperature and operating temperature) . In this way, the cold- 
start time can be shortened further. 
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[0012] Other objects, advantages and novel features of the 

present invention will become apparent from the following 
detailed description of the invention when considered in 
conjunction with the accompanying drawings* 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Fig. la shows a simplified block diagram of a first 

exemplary embodiment of a fuel cell system during the starting 
phase; 

[0014] Fig. lb shows the fuel cell system in accordance with 
Fig. la during normal operation; 

[0015] Fig. 2a shows a simplified block diagram of a second 

exemplary embodiment of a fuel cell system during the starting 
phase; and 

[0016] Fig. 2b shows the fuel cell system in accordance with 
Fig. 2a during normal operation. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0017] The fuel cell system shown in Figs, la, lb has a two- 
stage gas generation unit 2a, 2b, a gas cleaning unit 3, a fuel 
cell 4 with an anode space 5 and a cathode space 6, and an 
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exhaust treatment unit 7. In the gas generation unit 2a, 2b, a 
hycirogen-rich gas is generated from a fuel by means of steam 
reforming. Since the steam reforming is endothermic (it must be 
supplied with energy) , suitable temperature-control spaces 12a, 
12b are provided in both gas generation units 2a, 2b. The 
temperature-control spaces 12a, 12b are connected, via thermally 
conductive partitions 13, to the actual reaction spaces of the 
corresponding gas generation units 2a, 2b. -A suitable heat- 
transfer medium (for example a heat-transfer oil) may flow 
through the temperature-control spaces 12a, 12b. Alternatively, 
it is also possible to provide suitable burner units in the 
temperature-control spaces 12a, 12b. These are preferably 
catalytic burner units, in which combustible constituents of a 
gas flowing through the temperature-control spaces 12a, 12b are 
oxidized by means of an oxygen-containing medium. In the 
exemplary embodiment, medium flows through each of the 
temperature-control spaces 12a, 12b independently and in 
countercurrent to the fuel gas. However, it is also possible for 
the flow through at least one of the two temperature-control 
spaces 12a, 12b to be in co-current. Moreover, it is also 
possible for medium to flow through the two temperature-control 
spaces 12a, 12b successively. 

[0018] This hydrogen-rich gas usually also contains carbon 

monoxide, which has a damaging effect on the catalysts which are 
present in the anode space 5 of the fuel cell 4. For this reason, 
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a gas cleaning unit 3 is provided between the gas generation unit 
2 and the anode space 5 of the fuel cell 4. This gas cleaning 
unit is preferably a device for the selective catalytic oxidation 
of the carbon monoxide by the addition of oxygen. However, it is 
also possible to use other suitable gas cleaning units 3, for 
example a membrane cleaning unit. If a device for the selective 
catalytic oxidation of the carbon monoxide is used, it can also 
be integrated as a burner, for supplying the thermal energy 
required, directly in one or both temperature-control spaces 12a, 
12b of the gas generation units 2a, 2b. 

[0019] After flowing through the fuel cell 4, the anode 

exhaust gas is mixed with the outgoing air from the cathode space 
6 and is fed to the exhaust treatment unit 7, where all the 
combustible constituents of the fuel cell exhaust gases are 
converted as completely as possible at a suitable catalyst, 
preferably a precious-metal catalyst. Instead of the cathode 
exhaust gas, it is also possible for another oxygen-containing 
gas to be admixed with the anode exhaust gas upstream of the 
exhaust treatment unit 7. 

[0020] The fuel is fed out of a fuel tank 8 into the gas 

generation unit 2. Liquid fuels are preferably carried in the 
fuel tank 8. Alternatively, however, it is also possible to use 
gaseous fuels, in which case the fuel tank 8 is designed as a 
compressed-gas or liquef ied-gas store. When using a liquid fuel, 


an evaporator unit 9 is usually also provided, which converts the 
liquid fuel into the gaseous phase before it enters the gas 
generation unit 2a, 2b* Furthermore, a water tank 10 is provided. 
The water is evaporated in a separate evaporator unit 11, and the 
steam is then admixed with the gaseous fuel before it enters the 
gas generation unit 2a, 2b. Alternatively, it is also possible 
to mix liquid fuel and water and then for these constituents to 
be evaporated in a single, common evaporator unit. 

[0021] In the exemplary embodiment shown, the evaporator units 
9, 11 are heated by the hot exhaust gases from the exhaust 
treatment unit 7. Alternatively, however, it is also possible for 
the evaporator units 9, 11 to be heated by another heat-transfer 
medium. It is also possible for the exhaust treatment unit 7 to 
be completely or partially integrated in the evaporator units 9, 
11 . 

[0022] Operation of the illustrated fuel cell system 1 is 

explained below with reference to an exemplary embodiment, Fig. 
la showing operation during a starting phase and Fig. lb showing 
normal operation (after the starting phase has ended) . In the 
example shown, the gas generation units 2a, 2b have a total rated 
power P rat ed_ges = P rated_i + P ra ted_2 o f 8 0 KW . This means that during 
prolonged operation at full load, the gas generation units 2a, 
2b can produce the amount of hydrogen necessary for fuel cell 4 
to generate 80 KW of electric power. In normal operation as shown 


in Fig. lb, the first gas generation unit 2a contributes a rated 
power P rat ed_i = 30 KW, while the second gas generation unit 2b 
contributes the remaining rated power P rated 2 = 50 KW. If, in 
dynamic operation, the fuel cell system 1 is to provide less 
electric power, correspondingly less operating medium is fed to 
the gas generation units 2a, 2b, so that correspondingly less 
hydrogen is also generated. In normal operation, the two gas 
generation units 2a, 2b are held at predetermined operating 
temperatures T ratedJl , T ratedJ >, for example T ratedl = T rated 2 = 280°C. 

[0023] According to the invention, the two gas generation 

units 2a, 2b are designed so that the first gas generation unit 
2a has a lower thermal mass than the second gas generation unit 
2b. At the same time, during the starting phase only the first 
gas generation unit 2a is operated. Since this unit has a lower 
thermal mass, it can be brought up to a required operating 
temperature more quickly in the event of a starting operation. 
This can take place in various ways, either directly by means of 
a catalytic reaction in the gas generation unit 2a or by means 
of indirect heating using a burner, heat-transfer medium or 
electric heating. Alternatively, however, the first gas 
generation unit 2a may also be held at a minimum temperature 
during operating pauses, which is also simplified by the lower 
thermal mass. 


-8- 


[0024] A further aspect of the invention consists in the fact 
that the first gas generation unit 2a, during the starting phase, 
is operated with a power P start _ 1 > P rated l and/or at an operating 
temperature T start _ x > T rated l . As a result of the elevated operating 
temperature T startl , for example T sfcarti = 300°C / the downstream 
components, through which the hot product gas stream from the 
first gas generation unit 2a flows, in particular the second gas 
generation unit 2b, are heated more rapidly. At the same time, 
the first gas generation unit 2a can be operated in overload, for 
example at P start _i = 40 KW, as a result of the elevated operating 
temperature T start l . Although, therefore, during the starting 
phase only the first gas generation unit 2a is operated, it is 
nevertheless possible to provide a maximum power of 40 KW. 
Although such operation reduces the service life of the first gas 
generation unit 2a, on the other hand it is possible in this 
manner to ensure improved cold-start properties as a result. 

[0025] Although only the first gas generation unit 2a is 

operated during the starting phase, the second gas generation 
unit 2b is not separated from the product gas stream. Rather, the 
second gas generation unit 2b is switched off in that during the 
starting phase only the same amount of operating medium as that 
which can be converted in the first gas generation unit 2a is 
supplied. Therefore, a substantially completely converted stream 
of operating medium flows through the second gas generation unit 
2b, so that the second gas generation unit 2b makes substantially 
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no contribution (P start _ 2 = 0 KW) to the total rated power. No 
operating temperature T rated _ 2 is given in Fig. la for the second 
gas generation unit 2b, since it is not generally externally 
heated and therefore is also not at a defined operating 
temperature. Rather, the second gas generation unit 2b is simply 
heated directly by the hot product gas stream from the first gas 
generation unit 2a, so that a gradually rising temperature is 
established. However, if sufficient thermal or electrical energy 
is already available in the fuel cell system 1 during the 
starting phase, the second gas generation unit 2b can also be 
directly or indirectly heated even during the starting phase. 

[0026] Figs. 2a, 2b show a second exemplary embodiment, Fig. 

2a once again showing the starting phase and Fig. 2b the normal 
operating phase of the fuel cell system, parts which are 
identical to those shown in Figs, la, lb being denoted by 
corresponding reference symbols. Unlike in the first exemplary 
embodiment, the two gas generation units 2a, 2b are operated in 
an autothermal operating method which is known per se. This means 
that the endothermal steam reforming is combined with an 
exothermic, partial oxidation in such a way that the gas 
generation units 2a, 2b overall are operated in an autothermal 
manner. Temperature-control spaces are not provided in this case. 
An oxygen-containing medium required for the partial oxidation 
is supplied upstream to the gas generation units 2a, 2b. The 
quantity of oxygen-containing medium supplied determines the 
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oxidation rate in the gas generation units 2a, 2b and therefore 
also the respective operating temperature. The oxygen-containing 
medium used is preferably air. Although the following text only 
speaks of oxygen, it is, of course, also possible to use any 
desired oxygen-containing media. 

[0027] Once again, in the starting phase (Fig. 2a), only the 
amount of operating medium which can be converted in the first 
gas generation unit 2a is supplied. At the same time, oxygen is 
only fed into the first gas generation unit 2a. During the 
starting phase, the quantity of oxygen is set in such a way that 
an elevated operating temperature T rated l = 300°C is established. 
As has already been explained above, during the starting phase 
the first gas generation unit 2a is operated in overload mode, 
i.e., in the example illustrated, at a rated power P start } = 
40 KW. Since the operating medium is substantially completely 
converted in the first gas generation unit 2a, and also no 
additional oxygen is added, there will be substantially no 
conversion in the second gas generation unit 2b, so that this 
unit once again makes substantially no contribution (P sta rt_2 = 
0 KW) to the total rated power. However, the second gas 
generation unit 2b is once again heated at least by the hot 
product gas stream from the first gas generation unit 2a. 

[0028] After the starting phase has ended, the quantity of 

oxygen supplied is reduced in such a manner that an operating 
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temperature T rated l = 280°C which is lower than that reached in 
the starting phase is established in the first gas generation 
unit 2a. At the same time, oxygen is also added upstream of the 
second gas generation unit 2b. The oxygen is added in a quantity 
which is such that an operating temperature T rated _ 2 = 280°C is 
also established in the second gas generation unit 2b. 

[0029] The numerical values mentioned for the rated powers and 
operating temperatures are simply examples and can, of course, 
be adapted to the prevailing conditions without departing from 
the scope of the solution according to the invention. 
Furthermore, it is possible to use any desired gas generation 
units 2a, 2b, in particular, in addition to the steam reforming 
and autothermal operating mode which have already been described, 
also a partial oxidation stage, in which case the gas generation 
units may also be combined in a suitable way which differs from 
that of the exemplary embodiments. 

[0030] In a preferred embodiment, the first gas generation 

unit 2a is used only during the starting phase and during 
operating phases in which there is a load demand which exceeds 
the rated power P rat ed_2 of the second gas generation unit 2b. By 
contrast, in partial load operation substantially the entire 
power is provided by the second gas generation unit 2b. For this 
purpose, for example in the partial load range, the supply of 
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oxygen to the first gas generation unit 2a may be reduced or 
stopped altogether . 

[0031] In a further exemplary embodiment/ the first gas 

generation unit 2a may also be activated in the event of 
substantial load changes, in order to provide a sufficient 
quantity of hydrogen within the shortest possible time. For this 
purpose, for example in the event of a load change, a 
predetermined quantity of oxygen is added to the first gas 
generation unit 2a for a short time. 

[0032] The use of the first gas generation unit 2a only during 
the starting phase and, in addition, also in the full-load range 
and/or in the event of substantial load changes has the advantage 
that the overall service life of the first gas generation unit 
2a is increased again, since the service life, which has been 
reduced on account of the overload operation during the starting 
phase, is increased again as a result of the unit being switched 
off or at least operated at reduced load during the partial load 
phases. It is therefore possible to create a fuel cell system in 
which both gas generation units 2a, 2b have a uniform, sufficient 
service life despite the shortened starting phase. 

[0033] The foregoing disclosure has been set forth merely to 
illustrate the invention and is not intended to be limiting. 
Since modifications of the disclosed embodiments incorporating 
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the spirit and substance of the invention may occur to persons 
skilled in the art, the invention should be construed to include 
everything within the scope of the appended claims and 
equivalents thereof . 
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